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ABSTRACT 



With increased military interest in relatively inexpensive, mission variable 
"lightsats" for proliferation and reconstitution purposes, an efficient means for 
information flow must be found. This information includes control of the mission 
satellite as well as retrieval of mission data. A possible selection to provide this 
channel is the Tracking and Data Relay Satellite System (TDRSS). This research 
was conducted to assemble the critical decision elements as a guide to prospective 
"lightsat" users of TDRSS. When TDRSS is complete, orbital coverage will be at 
least 85%, making this an attractive option over alternatives. Greater link ranges 
and signal peculiarities are limiting factors in selecting this option. Issues covered 
include TDRSS operational architecture, signal design and requirements, user 
spacecraft orbital considerations, link evaluation of all services for low earth orbits 
(LEO's), and cost and documentation requirements. A recommended decision path 
is provided for early determination of TDRSS suitability to mission needs. 
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I. INTRODUCTION 



A. MOTIVATION FOR THE STUDY 

U. S. defense efforts have become increasingly reliant on space systems for a 
wide variety of mission needs. Present and near-term foreseeable systems are 
typically highly specialized, complex, and centralized. This has led to a growing 
concern for their survivability and in the event of their destruction or severe 
degradation, a means of rapid deployment of substitute systems. Along the same 
lines, proliferated constellations of single mission satellites have been suggested to 
offer graceful degradation in a hostile environment. 

One possible response repeatedly raised in the military community has been the 
development of small, relatively inexpensive, generic satellites which could be 
readily adapted to a wide range of missions and orbits. Possible missions include 
communications, tactical intelligence imaging, environmental sensing, signal 
intelligence, anti-satellite roles, and radar jamming. An example of such a general 
purpose vehicle is the proposed Naval Postgraduate School Orion. [Ref. 1] 

All of the possible mission concepts have a common thread; they must be 
capable of receiving and/or transmitting information to their controlling authority. 
The amount of information can range from low data rate telemetry and command 
to extremely high data rate imaging information. In addition, some missions may 
require very precise position information on the satellite itself for successful 
mission execution. Unfortunately, such systems are typically low altitude, power 
limited vehicles that will come to fruition at a time of shrinking geographic ground 
support facilities. This will result in one of the following scenarios: substantial 
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recording and playback capability will have to be included in the design; data will 
be lost; geographic limits will be imposed on mission execution; or, a space-based 
relay system will have to be used. 

In part anticipating such an environment, NASA designed, built, and will, on 
the next Shuttle, complete the launch of the Tracking and Data Relay Satellite 
System (TDRSS) to provide this space option. For the military planner, some 
military assets could be diverted to such a role, but this is quite different from their 
design purpose and suboptimum performance could result. TDRSS remains a 
premier candidate for use with small "lightsat" designs in low earth orbits (LEO). 

This study assembles the pertinent decision criteria for space system designers 
for an early determination of the suitability of TDRSS for the proposed mission. 
Actual implementation would require much more exhaustive design study and 
rigorous cost analysis. Since no specific mission is addressed, the information 
provided covers a wide range of possible orbits and user power levels. Executive 

B. OVERVIEW OF THE THESIS 

The bulk of this thesis presents elements of the TDRSS Network that will have 
direct impact on the selection of this option for use with design missions. Chapter 
two introduces the TDRSS Network; its concept, purpose, organizational 
relationships, and services provided. An end-to-end data flow is traced with the 
description of each functional element. Actual signal design, data rate limitations, 
and further technical parameters are delineated in chapter three to give designers 
an idea of the unique scope of transponder and associated hardware design 
required. Mission orbit selection considerations of chapter four establish 
fundamental orbital relationships which must be satisfied to meet either mission 
needs or TDRSS technical parameters. To match communications capabilities of 
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the mission satellite with the TDRSS, chapter five gives an in depth link analysis of 
all services through the TDRSS. Planning charts based on nominal values are 
developed as well as precise link equations for specific mission data. Included in 
the analysis are the effects of using forward error correction coding when optional 
and linear versus circular polarization. TDRSS utilization incurs unique cost 
structures and documentation requirements. Chapter six gives a top level view of 
this process and includes coincident timeline requirements inherent in the process. 
The thesis concludes with a summary of the essential features and a decision 
hierarchy of the elements introduced in the thesis body. Several computer 
programs are provided in the appendices to aid in the mission analysis for the 
planners. 
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II. TRACKING AND DATA RELAY SATELLITE SYSTEM 
NETWORK ARCHITECTURE 



A. INTRODUCTION 

The Tracking and Data Relay Satellite System (TDRSS) is an ongoing 
expansion of NASA's Spaceflight Tracking and Data Network (STDN). This 
network provides a means of receiving and sending telemetry and data from 
orbiting satellites. TDRSS offers a vast extension of capabilities and services over 
the original Ground Satellite Tracking and Data Network (GSTDN). It offers both 
greatly expanded volumetric coverage and data transfer capability. For users, this 
translates to much reduced store and dump requirements for telemetry and data 
but, in general, higher radiated power requirements. [Ref. 2:pp. 1-1, 1-2] 

The TDRSS Network (TN) is the complete end-to-end data channel and has 
three primary functional components: user spacecraft, TDRSS, and ground 

support facilities Figure 2-1 shows the complexity of this entire network. For the 
user spacecraft (SC), blocks of interest for data load carrying are 1, 2, 9, 1 1, and 
12. These define the functional elements which receive, process, and retransmit the 
data to the ultimate destination of the mission planning terminal (MPT) or project 
operation control center (POCC) information processing division (IPD). The 
remaining blocks represent support or auxiliary functions such as shuttle launch 
support services or the compatibility test van (CTV). These functions are either 
transparent to the user or are used during the project development stage and not 
later. A complete listing of acronyms and abbreviations can be found in the 
forward section of this report. [Ref. 2:p. 1-5] 
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Figure 2-1 
TDRSS Network 




Effective control and interface of these components provide forward and 
return telecommunications between low earth-orbiting user spacecraft and user 
control and data processing facilities. In addition, scheduled tracking services in 
support of orbit determination are available. For user data support, a real-time 
bent-pipe communication concept is used. In this mode the user data stream is 
received on board the TDRS, translated in frequency and re-transmitted to the 
earth station. No processing is performed on the user data at the TDRS. 

This chapter will describe in detail these components and their interface with 
the entire system. Additionally, those agencies and entities charged with specific 
duties and responsibilities will be shown with their operational relationships. 

B. SPACE SEGMENT 

The TDRSS segment of the TN consists of two functional Tracking and Data 
Relay Satellites (TDRS) in geostationary orbits. TDRS-East is located at 41° W 
longitude and TDRS-West at 171° W longitude with both satellites at a nominal 0° 
latitude. In addition, an on-orbit spare is located at 79° W longitude and another is 
in configuration for a rapid deployment launch. Figure 2-2 shows the versatility of 
the TDRSS in supporting a wide range of possible space users. Possible candidates 
range from very simple low altitude satellites to high data rate and high priority 
customers like the Shuttle. [Ref. 3:p. 3] 

1 . Satellites 

Each TDRS is a three-axis body stabilized, momentum-biased 
configuration with sun oriented solar panels as depicted in Figure 2-3. At 
beginning of orbital lifetime (10 years), each spacecraft weighs 4732 pounds. The 
on orbit configuration measures 57 by 47 feet of the extended outer dimensions. 
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The primary payload subsystem is for telecommunications and is 
comprised of the equipment which performs the TDRSS and the domestic 
communications services. TDRSS equipment consists of the antennas and 
communications repeaters that relay data between user satellites and the White 
Sands Ground Facility. Figure 2-3 also shows the antenna layout and structure for 
each TDRS. Of interest for the user SC are the multiple access (MA) at S-band, 
which is a 30 element array of helices, and the two circular high gain antennas 
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Figure 2-3 

TDRS Antenna Configuration 

which service both S and K-band single access (SA) simultaneously. The other 
antennas service support equipment and domestic traffic. 

The communications services equipment consists of a 12-channel 
transponder providing domestic service at C-band and a four channel transponder 
providing domestic service at K-band. Because the TDRSS and communications 
services at K-band do not operate simultaneously, substantial antenna and RF 
conversion equipment sharing is possible. This both reduces total equipment while 



8 



providing increased levels of critical equipment redundancy. A separate C-band 
transponder and antenna provide the C-band communications services. 

The telecommunications subsystem payload elements include: 

• K-band space/ground link equipment 

- 6.6 foot gimballed antenna 

- K-band receivers, upconverters and TWTA's 

• Forward and return processors 

• K and S-band single access (KSA and SSA) equipment 

- Two 16 foot antennas 

- K and S-band receivers and transmitters 

- 26 watt TWTA’s 

• S-band multiple access (MA) equipment 

- 30 element antenna array 

- Multi-channel receivers and transmitters 

• Frequency generation equipment 
2. TDRSS Geometric Coverage 

The TDRSS orbit configuration enables simultaneously a single ground 
station for both satellites and at least 85% orbital coverage for orbits from 100 to 
12,000 km. This compares with 15% coverage available under the old STDN. 
However, due to geometric line of sight limitations a zone of exclusion exists in the 
general vicinity of the Indian Ocean. These zones will vary in size and duration 
depending on orbit altitude and inclination as depicted in Figure 2-4. Figure 2-5 is 
an example of an exclusion zone for a 500 kilometer orbit. Any user SC in the 
shaded zone will not have line of sight to either TDRS. For user spacecraft whose 
orbital altitude will exceed 12,000 kilometers, significant coverage gaps may result 
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Figure 2-4 

TDRSS Geographic Orientation 
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Figure 2-5 

TDRSS Coverage for 500 km. Orbit 



depending on orbit geometry. These gaps are almost entirely due to the antenna 
beamwidth and steering angle limits for the TDRS's. [Ref. 2:pp. 1-3] 

In Figure 2-6, the general geometric considerations for spacecraft in 
excess of 12,000 kilometers are shown. For the single TDRS depicted, the 
intersection of conic sections defines coverage zones. Contour C is the projection 
on the earth’s surface of the line of intersection of all possible circular orbits at a 
given altitude with the coverage cone. Beyond this intersection the user SC is 
outside of the cone of coverage. As we continue further in the orbits, another 
intersection line occurs as the user SC returns to coverage. Contour B is the 
projection of the second line of intersections. Finally, as the user SC is eclipsed by 
the earth, the last line of intersections can be projected as Contour A. [Ref. 2:p H-7] 
Figure 2-7 is an example of TDRS-East coverage for a 20,000 kilometer 
user SC, and Figure 2-8, TDRS-West coverage for the same spacecraft. Combining 
both yields Figure 2-9 for the entire TDRSS. [Ref. 2:pp. H-8-H-10] 

From this discussion, it is apparent that TDRSS coverage is well suited for 
the 1,200 to 12,000 kilometer range with 100% coverage. For missions outside this 
range, the orbital elements need strict examination for coverage availability. 
Orbits in this discussion have been circular, so elliptic orbits will need a more 
detailed analysis. 

C. GROUND SEGMENT 

Several key ground segment components interact to form the backbone of the 
TDRSS Network linking the user Payload Operations Control Center (POCC), its 
associated capture and processing facilities, and the user spacecraft. These elements 
are as follows. 
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Figure 2-6 

TDRSS Spatial Coverage Definition for Orbits Over 12,000 km. 
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Figure 2-7 

TDRS East Coverage for 20,000 km. Orbit 
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Figure 2-8 

TDRS West Coverage for 20,000 km. Orbit 
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Figure 2-9 

mplete TDRSS Coverage for 20,000 km. Orbit 



• White Sands Ground Terminal (WSGT) 

• NASA Ground Terminal (NGT) 

• Network Control Center (NCC) 

• NASA Communications Network (NASCOM) 

• Operations Support Computing Facility (OSCF) 

• NCC Fallback (NFB) 

Figure 2-10 shows overall network interaction. [Ref. 2:p. 4-3] 

1. White Sands Ground Terminal (WSGT) 

Located at White Sands, New Mexico, WSGT provides message traffic 
carrying ground equipment and associated services which connect the NASA user 
traffic interface and the orbiting TDRS's. In addition, the ground terminal 
monitors and maintains the space segment of the TDRSS Network. 

Elements of the ground terminal consists of: 

• Three 18.3 meter K-band user traffic antennas and an S-band telemetry and 
command (T&C) antenna for measurement of axial ratio. These include 
appropriate switching, multiplexing, and control center equipment. 

• Colocated operations building with associated RF signal processing, data 
processing, and control center equipment. 

• Calibration, simulation and verification equipment. 

• NASA communications, control, and user equipment. 

WSGT is divided into ten major subsystems as shown in Figure 2-11. 
The antenna and RF subsystems provide the ground RF interface with the space 
segment. The data subsystem has four components: system control and computing; 
user link equipment for spacecraft range and doppler measurements and signal 
decoding; telemetry, tracking and command (TT&C) devices for the TDRSs; and 
the Multiple Access component consisting of convolutional decoders that 
simultaneously process bit streams of up to 20 MA user spacecraft. 
[Ref. 3:pp. 50-60] 
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Figure 2-10 

TDRSS Network Interface 




Figure 2-11 
WSGT Organization 

The software subsystem includes all software used operationally in all 
processors in the data subsystem. This supports ground segment equipment 
configuration control and monitoring, tracking calculations, TDRS antenna 
pointing, calibration, reporting of TDRSS status to NASA, and scheduling of 
TDRSS resources. 

Simulations/verifications subsystem supports the corresponding 
simulations/verification user service. It also provides an internal test capability for 
TDRSS fault isolation. Finally, the TDRSS Operations Control Center (TOCC) 
provides the principal man/machine interface for control of TDRSS. 

In order to reduce the complexity of the space segment and allow technical 
adaptability, many normally spacebome functions of the system are performed on 
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the ground. This accounts for the complexity of the ground functions, but also 
locates critical activities to easy access for repair and modification. 

2. NASA Ground Terminal (NGT) 

Colocated with WSGT, the NGT is the interface for communications 
between the TDRSS WSGT and remote user elements and NASA facilities. The 
NGT is a terminal point in the multilink path of communications between user 
spacecraft and user POCC's. 

All digital and analog communications between TDRSS and the remainder 
of the network pass through NGT. This interface function includes 
multiplexing/demultiplexing, buffering, switching, and circuit selection. 
Additionally, NGT provides network controlling interface for tracking data sent 
from the WSGT to the OSCF. Finally, the NGT monitors system forward and 
return data channels to assist the NCC in fault isolation operations and TDRSS 
performance evaluation. 

As shown in Figure 2-12, NGT receives system control information from 
two sources, the NCC and the NASCOM control center at Goddard Space Flight 
Center (GSFC). The NASCOM control center controls and monitors those aspects 
of the NGT throughput functions that require coordination with the NASCOM 
supplied circuit terminations at GSFC and Johnson Space Center (JSC). The 
NASCOM control center, in turn, receives its direction from the NCC. The NCC 
directly controls and monitors the NGT function of data link monitoring, line 
outage protection, and data rate buffering. 
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Figure 2-12 
NGT Control Process 

3. Network Control Center (NCC) 

The NCC at GSFC, Greenbelt, Maryland, provides overall management, 
control, and accounting of NASA access to TDRSS communications services. This 
includes advance scheduling of user support periods, implementing the schedule by 
digital messages, and acting as a real time control interface to users. 

All user spacecraft operations supported by the TDRSS Network are 
scheduled by the NCC. User POCC's can start requesting support up to 21 days 
prior to a user event. The schedule request must indicate the type of service, 
duration, and acceptable support time. From the complete spectrum of user 
requests, the NCC prepares a master schedule of all TDRSS, NASCOM, and NGT 
support activities needed. The schedule is kept current as users' needs change but is 
finalized at least 24 hours prior to support time. In the event of an emergency 
event, NCC can provide a response time of 10 minutes or less. 
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4. NASA Communications Network (NASCOM) 

The NASCOM is the umbrella system tying most of the other elements 
together. It provides a baseline and a high data rate transport system connecting 
NGT, GSFC, and JSC. Across these circuits pass user forward and return data, 
system status and control, and other NASA housekeeping functions. Baseline 
services include a 1.544 Mb/sec link in the forward direction and 4 Mb/sec in the 
return direction. User ground facility operations normally access the TDRSS 
through the JSC and GSFC for transportation of their spacecraft command control, 
telemetry, and low data rate science data. By leasing two common carrier 
Domestic Satellite (DOMSAT) services, NASCOM connects JSC and GSFC with 
NGT at White Sands (Figure 2-13). With redundancy along paths, much greater 
system reliability can be assured during periods of DOMSAT or terminal outage. 

For delivery of high data rate science and image data to user ground 
facilities, the baseline system is augmented by more specialized DOMSAT 
communications services. This high data rate return traffic can consist of one of 
the following: 48 Mb/sec; a standard commercial television signal; or a 20 Hz to 4.2 
MHz analog bandwidth channel. 

In addition, NASCOM provides high speed teletype from GSFC to the 
NGT and JSC for transmission of NCC high speed NASCOM scheduling and 
control messages. It also provides an interconnect for NCC through the baseline 
system with NGT, which in turn is locally interconnected with WSGT. 

5. Operations Support Computing Facility (OSCF) 

Located at GSFC, the OSCF is the primary facility for orbit and orbit 
related computational support for the TDRSs' and user spacecraft. The OSCF 
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receives, processes, and records metric tracking data to provide orbit 
determination and computations for developing trajectory information and for 
acquisition data and scheduling aids. 

The OSCF receives its tracking data through NASCOM from WSGT. 
Comparisons are made between actual and predicted user spacecraft position. 
Updated acquisition data is then generated and Predicted Site Acquisition Tables 
defining periods of mutual visibility between user spacecraft and each TDRS are 
provided to the NCC and user POCC's. State vectors and force models are then 
forwarded to WSGT for important determination of TDRS antenna look angles. 

6. NCC Fallback (NFB) 

The NFB at GSFC performs the network management functions for 
scheduling and allocating resources to meet mission requirements in the event of a 
major NCC failure. The NFB is physically separated from the NCC and contains 
most of the NCC control capabilities; however, some are manual versus automated 
implementations. Operations in this mode will degrade overall system response to 
a negligible degree. 
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III. TDRSS COMMUNICATIONS TECHNICAL PARAMETERS 



A. INTRODUCTION 

The user has a two point interface with the TDRSS Network: the ground 
segment interface at either JSC or GSFC and between the user spacecraft and 
TDRSS spacebome assets. Both of these interfaces require exacting design and 
specificity, but the limiting factor in terms of link quality is the space link. All 
space link calculations are based on a bit error rate (BER) of 1 0 -5 , as provided by 
NASA. On the other hand, the ground segment link is limited by the NASCOM 
achievable BER of 10* 7 . For this reason the contents of this chapter will be devoted 
to presenting the technical requirements and performance of the space interface. 

B. TDRSS TELECOMMUNICATIONS SERVICES 

Because the familiar terms uplink and downlink are not operative in this 
system, forward and return links to and from the user spacecraft and the TDRS's 
will be the nomenclature used throughout this discussion. The conventional uplink 
and downlink between WSGT and each TDRS is virtually transparent to the user 
due to much greater antenna gains available. Hence the governing elements of the 
TDRSS are the parameters of the forward and return links up to the design level of 
quality of 10' 5 . 

These forward and return links have very specific constraints as to 
implementation which define the internal receiver data stream generation and 
preparation. Off-the-shelf hardware is available but users may decide to design and 
construct their own with possible cost and weight savings. Available modes of 
service are the following: 
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• Multiple Access (MA) Service 

• Single Access (SA) Service 

• Tracking Service 

Figures 3-1 and 3-2 depict the overall frequency plans for forward link service 
and return link service respectively. [Ref. 4:pp. 11-12] 
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C. SIGNAL CHARACTERISTICS 

1. Forward Service 

All three of the forward service types (MA, SA, KSA) consist of a pseudo- 
random noise (PN) code modulated command channel in quadrature with a PN 
code modulated range channel. PN codes are extremely long binary sequences that 
possess very good autocorrelation properties. By modulating the signals with the 
codes the spectrum is spread substantially and appears as random noise. NASA 
provides these codes to the user SC as part of initial design. [Ref. 5] 

Forward service data 300 kbs or less is modulo-2 added asynchronously to 
the command channel PN code for signal acquisition. The K-band SA forward link 
is the only service for command data greater than 300 kbs and its carrier is BPSK 
modulated without range channel transmission. 

2. Return Service 

Table 3-1 summarizes the signal design characteristics available for return 
service. Two signal designs designated Data Group 1 (DG1) and Data Group 2 
(DG2) are available to return service users. DG1 is further subdivided into modes 
1, 2, and 3. 

D. MULTIPLE ACCESS (MA) SERVICE 

MA service provides return capability to low earth orbiting user spacecraft for 
real time or playback data rates up to 50 kbs. Return service can support up to 20 
user spacecraft simultaneously through the use of PN coding and beamforming. 
Beamforming is not performed at the TDRSs, but is computer synthesized at 
WSGT instead. Forward service is time shared among users with a maximum 
individual user spacecraft received data rate of 10 kbs for one user per TDRS at a 
time. 
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TABLE 3-1. RETURN LINK SIGNAL CHARACTERISTICS 

Characteristics DG1 Ml DG1 M2 DG1 M3I DG1 M3Q DG2 



SQPN a 


YES 


YES 


YES 


NO 


NO 


BPSK b 


NO 


NO 


NO 


YES 


YES 


QPSK C 


NO 


NO 


NO 


NO 


YES 


SQPSK d 


NO 


NO 


NO 


NO 


YES 


MOD-2 PN ASYNCH 


YES 


YES 


YES 


NO 


NO 


Coherent turnaround of 
forward canrier required 


YES 


NO 


YES 


YES 


NO 


Noncoherent carrier 
allowed 


NO 


YES 


NO 


NO 


YES 


a Staggered Quadriphase Pseudorandom Noise 
b Biphase Shift Key 
c Quadrature Phase Shift Key 
d Staggered Quadriphase Shift Key 



1. MA Forward Link 



All TDRSS MA forward services incorporate spread spectrum modulation 
techniques. Prior to a service period, the user POCC must provide the center 
frequency, f 0 , of the user spacecraft to the NCC. This data facilitates doppler 
compensation of the TDRS carrier so that the arriving signal will be within a 
predictable error tolerance of f 0 . This feature minimizes doppler resolution 
requirements for the user spacecraft and aids in rapid reacquisition in the event of 
broken lock. It can be inhibited by WSGT at the request of the user POCC. The 
unique PN code chip rate is coherently related to the TDRS carrier frequency in all 
cases. With this feature, the user spacecraft can use the receiver PN code clock to 
predict the received carrier frequency. Separate but simultaneous command and 
range channels are provided in the forward service. The command channel 
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includes a rapidly acquirable PN code and contains the forward data. The range 
channel contains a PN code which facilitates range ambiguity resolution 
requirements. TDRSS MA forward service parameters are listed in Table 3-2. 
[Ref. 2:pp.3-7 - 3-14] 



TABLE 3-2. MA FORWARD SERVICE PARAMETERS 



Parameter 


Description 


Command Channel 




PN code length 


210- 1 


PN code type 


Gold Code 


PN code chip rate 


(31/(221x96)) xf c 


Data Modulation 


Modulo-2 added asynchronously 
to PN code 


Data Format 


NRZ 


Data Rate Limits 


.1 - 10 kbs 


Range Channel 




PN code length 


(210- l) x 256 


PN code type 


Truncated 18-stage SR 


Forward Link (each TDRS) 




Field of View 


± 13° Conical 


Antenna Polarization 


LHC 


Antenna Axial Ratio 


1.5 dB over 3 dB beamwidth 


EIRP 


+ 34 dBW 


fc 


(2287.5 ±.l)x 221/240 MHz 


RF Bandwidth 


6 MHz 



2. MA Return Link 

A user spacecraft must use convolutional (Rate 1/2) encoding for all return 
service data and can only use DG1 modes 1 and 2 signal designs. Data signals on the 
I and Q channels may be independent and asynchronous. If the I and Q channel data 
signals are independent the sum of the data rates must not exceed 50 kbs. For single 
channel operation, the I and Q channels must be identical and synchronous and the 
data rate may not exceed 50 kbs. Power division ratio may be weighed to a 



29 



maximum of 4:1 in favor of the Q channel in either single or dual channel 
operation. 

The I and Q channel PN codes are generated from a single unique code 
generator. For DG1 mode 1, the I and Q channel PN codes are identical but offset 
by at least 20,000 chips. For both modes the return data stream will be modulo-2 
added asynchronously to the channel PN code. This eliminates the need for 
synchronizing the user spacecraft data clock with the PN code clock. The PN code 
clock, however, must be coherently related to the transmitted carrier frequency to 
permit WSGT to use the PN code clock to aid return service carrier acquisition. 

DG1 mode 1 signal design must be utilized when two way range and 
doppler measurements are required. PN code length will be identical to that of the 
forward link range channel PN code received from the TDRS. This coherence of 
forward link carrier and PN code with the user spacecraft will be lost when the 

I 

TDRS no longer is transmitting. In this event the user transmitter must switch to 
DG1 mode 2 noncoherent transmitter operation. In this mode the carrier 
frequency is defined by the user POCC to a tolerance of ± 700 Hz prior to service. 
TDRSS MA return service parameters are listed in Table 3-3. [Ref. 2:pp. 3-40 - 
3-50] 

E. S-BAND SINGLE ACCESS (SSA) SERVICE 

Each TDRS can provide two SSA forward and return services for a total of 
four each for the TDRSS. This service is continually available for SSA users on a 
time shared basis. User spacecraft are discriminated by frequency, polarization, 
unique PN codes, and TDRS antenna beam pointing. The entire TDRSS can 
combine the signals received through both TDRSs from a user spacecraft to 
provide a nominal 2.5 dB increase in return performance. 
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